Abstract This thesis is in the area of Multi-Agent Systems (MASs). In a MAS, multiple agents act on their own behalf or of other stakeholders, and key issues here are that they are situated, intelligent, rational and social. They are situated in the sense that they need to be able to sense their environment, intelligent in the sense that they need to model the world around them and make decisions in time and with incomplete information, rational in the sense that they make strategic deliberations when pursuing their own interest, and social in the sense that they are aware of other agents, and their level of intelligence, rationality and social skills. The General Game Playing competition tests the ability of multiple autonomous game playing agents on achieving predefined goals. In order to build such agents, one needs to study how agents can represent knowledge (or information) about the world, how their actions may change the world and how a MAS evolves over time due to actions performed by agents. We provide a logic-based account for the specification and verification of MASs, in terms of time, action and knowledge. The contributions are divided into two research themes.
complete information, it can also be seen as a language to describe a class of MASs. A practical problem for a designer of games or MASs using GDL is to check whether they meet desired specifications, e.g., a fairness property: for each player there should be at least one unfolding of the game in which that player wins. This requires a formalism to express such specifications in terms of agents' strategies, goals (winning conditions), and social interactions. Recently, there has been much interest in the use of strategic cooperation logics for reasoning about game-like scenarios-Alternating-time Temporal Logic (ATL) is perhaps the best known example. By investigating a connection between GDL and ATL, we make three contributions.
1. We demonstrate that GDL can be understood as a specification language for ATL models, and show that it is possible to succinctly characterize GDL game descriptions directly as ATL formulas. We prove that the problem of interpreting ATL formulas over GDL descriptions is EXPTIME-complete. 2. We provide a characterization of the playability conditions which can be used to express the correctness of the games specified in GDL. In particular, coherence conditions define global invariants, i.e., safety properties, over games; fairness conditions define the properties ensuring that no player has an inherent advantage in games; gamespecific conditions define different classes of games, e.g., turn-based games. 3. We develop a method that uses an ATL model checker to verify the playability conditions for the games described in GDL and provide preliminary results.
The second theme in the thesis focuses on reasoning about MASs with incomplete information, where agents have partial information about the situated environment and reason about the information that other agents have. A variety of logical frameworks have been developed to study rational agents interacting over time. We study a correspondence between two of them: Dynamic Epistemic Logic (DEL) and Temporal Epistemic Logic (TEL). These two frameworks are very different in terms of model checking: in DEL the interpretation of a dynamic epistemic formula is over a state model, which represents a static view of a MAS; while in TEL, the interpretation of a temporal epistemic formula is over an interpreted system, in which the full history of a system is unfolded. We make two contributions.
1. We formalize a conceptually simple (but technically more involved) idea that connects epistemic actions with time in well defined structures. Based on that, a systematic approach is proposed to model check DEL formulas using TEL formalisms. This opens the possibility for the relatively recent community working on dynamic epistemic model checking, to use the large amount of work on temporal epistemic model checking. 
